ABS ACTA BIOLOGICA SLOVENICA
LJUBLJANA 2010 Vol. 53, St. 1: 55-61

Seasonal changes in the concentration of some trace elements in macrophyte
shoots

Sezonske spremembe v koncentracijah nekaterih elementov v sledovih
v poganjkih makrofitov

Zdenka Mazej Grudnik
ERICo Velenje d.o.o.; Environmental Research and Industrial Co-operation, Koroska 58,
3320 Velenje, Slovenia, e-mail: zdenka.mazej@erico.si, tel: +386 3/ 898 1958; fax: +386 3/898 1942

Key words: trace elements, sediment, Velenjsko jezero, Myriophyllum, Najas, Potamogeton,
Nuphar

Abstract: Seasonal changes in the concentrations of trace elements (Ni, Cu, Pb, Zn, Cr and
As) were analysed in shoots of macrophytes Myriophyllum spicatum, Najas marina, Potamogeton
crispus, Potamogeton lucens, Potamogeton nodosus, Potamogeton pectinatus and Nuphar lutea
taken from lake Velenjsko jezero (Slovenia), an artificial lake resulting from mining activity.
Lake lies in the vicinity of the So$tanj Thermal Power Plant, from which fly ash slurry was trans-
ported by pipeline and emptied into Velenjsko jezero until 1983. The degree of concentration
of elements in plant’s shoots varied according to the species of plant and the time of the season.
The average concentrations of non-essential elements (Ni, Cr, Pb and As) in stems and leaves
were the highest in Myriophyllum spicatum and the lowest in Nuphar lutea. Concentration of
two essential elements Cu and Zn were the highest in the shoots of Potamogeton lucens and
Potamogeton crispus respectively. Element concentration showed seasonal variation. For essential
elements Zn and Cu there was a clear concentration decline from May to September in almost
all macrophyte shoots, while non-essential elements remained at the same level or decreased
through the season.

Izvle€ek: V pricujoci raziskavi smo spremljali sezonske spremembe v koncentraciji ele-
mentov v sledovih (Ni, Cu, Pb, Zn, Cr in As) v nadzemnih poganjkih makrofitov Myriophyllum
spicatum, Najas marina, Potamogeton crispus, Potamogeton lucens, Potamogeton nodosus,
Potamogeton pectinatus in Nuphar lutea izumetnega Velenjskega jezera (Slovenija). Jezero lezi v
neposredni bliZini Termoelektrarne Sotanj. Do leta 1983 je jezero sluzilo kot odlagalis¢e za pepel,
ki je nastajal ob kurjenju premoga v termoelektrarni. Rezultati so pokazali, da so koncentracije
elementov v rastlinah odvisne od vrste makrofitov in od ¢asa v sezoni. Povpre¢ne koncentracije
ne-esencialnih elementov (Ni, Cr, Pb in As) so bile najvisje v nadzemnih delih vrste Myriophyllum
spicatum, medtem ko so bile njihove najnizje koncentracije izmerjene v listih in steblih vrste
Nuphar lutea. Najvisje povprecne koncentracije Cu so vsebovala nadzemna tkiva vrste Potamo-
geton lucens, medtem ko so bile najvisje koncentracije Zn izmerjene v tkivih vrste Potamogeton
crispus. Sezonska nihanja v vsebnosti elementov so se razlikovala med vrstami makrofitov. Na
splosno pa se je pri vecini vrst pokazala teznja upadanja koncentracije esencialnih elementov,
Zn in Cu, od maja do septembra, medtem ko je koncentracija ne-esencialnih elementov ostajala
skozi celo sezono na isti ravni ali pa so koncentracije proti koncu sezone upadle.

Kljuéne besede: eclementi v sledovih, sediment, Velenjsko jezero, Myriophyllum, Najas,
Potamogeton, Nuphar

Abbreviations: Pot pec — Potamogeton pectinatus, Pot cri — Potamogeton crispus, Pot luc
— Potamogeton lucens, Pot nod — Potamogeton nodosus, Myr spi — Myriophyllum spicatum, Naj
mar — Najas marina, Nup lut — Nuphar lutea
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Introduction

In aquatic system, where the input of pollutants
is discontinuous and they are thus quickly diluted,
analysis of plant tissues provides information
about the quality of the system (Baldantoni et al.
2005). Aquatic plants can take up large quantities
of trace elements (Jackson 1998, Hotzhina et al.
2001) from their environment, releasing them when
they decay. While emergent plant species appear
to enhance metal stabilization in the soil/sedi-
ment, submersed plants only slightly increase the
retention of trace elements, by shoot accumulation
(Fritioff et al. 2005). Abiotic factors such as pH,
nutrient concentration in sediment and water, redox
potential, water hardness, light, microbial activity
and physical factors are very important in metal
distribution in water and sediment and hence their
availability to aquatic macrophytes (Guilizzoni
1991). Even if shoots and/or leaves of submersed
plants accumulate lower concentrations of trace
elements than roots (Mazej and Germ 2009), they
may still provide reliable information, chiefly on
water quality, over short periods equivalent to leaf
age (Baldantoni et al. 2005). Further, the amounts
of toxicants that reached the aboveground plant
part are very important, because they can enter
the food chains, presenting a potential danger for
human and animal health. The concentration of
trace elements in different parts of four macrophyte
species (Najas marina L., Potamogeton lucens L.,
Nuphar lutea (L.) Sibth et Sm and Potamogeton
nodosus Poir) from Velenjsko jezero has been
already studied (Mazej and Germ 2009), however
without seasonal dynamics. Metal accumulation
may also be season dependent and knowledge about
seasonal dynamics of element’s concentrations in
plant’s shoots is useful in choosing appropriate
plants and time for macrophyte phytoremediation
systems. Reimer and Duthie (1993) reported that
no significant trends were detected throughout the
growing season in macrophyte concentrations
of trace elements, but there have been reports of
metal contents being highest during autumn and
relatively low levels during spring (Brekken and
Steinnes 2004).

The aim of this paper was to depict the seasonal
dynamic in trace element content in above-ground
tissues of Najas marina, Myriophyllum spicatum
L., Potamogeton crispus L., Potamogeton lucens,

Potamogeton pectinatus L., Nuphar lutea and Pota-
mogeton nodosus from lake Velenjsko jezero.

Materials and Methods

Study area

Lake Velenjsko jezero is located in central
Slovenia, in the Salek Valley. It is situated at an
altitude of 366 m, with a surface area of 135,000
m? and a maximal depth of 54 m. It is an artificial
lake resulting from mining activity. As a result of
subsidence, whole settlements, meadows and fields
were submerged and flooded. Until 1983, fly ash
slurry from the So$tanj Thermal Power Plant was
transported by pipeline and emptied into Velenjsko
jezero. The large amount of ash (about 15 million
tons) at the bottom of the lake is thus a source of
trace elements (Ni, Cu, Pb, Zn, Cr in As) (Mazej
et al. 2010), which can be accumulated through
of their trophic chain.

Water, sediment and plant sampling

Seven native aquatic vascular plant species
from Lake Velenjsko jezero were chosen: five
entirely submersed (Myriophyllum spicatum,
Potamogetom crispus, Potamogeton pectinatus,
Potamogeton lucens and Najas marina) and two
submersed with floating leaves (Potamogeton
nodosus and Nuphar lutea). Najas marina is an
annual and the dominant species of the littoral
zone; other species are perennials and appear in
the lake to a lesser extent.

Samples were taken monthly from May to
September 2006. The three sampling locations
were chosen, where macrophyte richness was
greatest (1- 46°22°47.32”’N, 15°05°46.90’E,
2 — 46°22°53.89’N, 15°05°26.85”E, 3 —
46°22°11.55”N, 15°05°07.80”E). The upper parts
of the plants (leaves and stems) were collected
by sampling rake. Sediment and water samples
were collected at the same sampling locations.
Samples of water were collected by hand from
a boat by submerging precleaned polyethylene
bottles approximately 50 cm beneath the water
surface. Sediment was taken with a grab, at a
depth from 0 to 10 cm.
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Laboratory procedures and analyses

The collected lake water was acidified by 70
% super pure nitric acid (0.5 mL/100 mL sample)
and used for heavy metal analyses. Sediment
samples were dried, ground, and mixed to get an
average sample.

Plant material, leaves and stems, were washed
thoroughly with tap water to remove sediment and
periphyton and rinsed with deionised water. Water
was spilt with the paper from the plants, which
were weighed and then dried to constant weight
in an oven at 80 °C. This temperature was used
because below this temperature all the moisture
may not be removed and at higher temperatures
thermal decomposition can reduce the dry weight
(Peng et al. 2008). The dry samples were ground
into a fine powder by milling (Biichi-Mixer B-400)
and sieved at <1 mm. A wet digestion procedure
was used, involving concentrated nitric acid.

The contents of trace elements in lake water,
sediment and plants were determined following
the Hewlett Packard ICP-MS Application Note:
228-312, 228-314, 228-343 and a modified
standard method: ISO 17294-2:2003 on Induc-
tively Coupled Plasma-Mass atomic emission
Spectrometry (ICP-MS 7500c-Agilent). The
accuracy of chemical analyses was checked for
plants using a standard reference plant material
(IAEA-336, Trace and minor elements in Lichen).
Recovery rates ranged from 95 %—100 % for all
investigated elements. Analytical tolerance of
method was 20 %.

Statistical analysis

Experimental data were analysed using the
statistical software package Statistica for Windows
7.1 (StatSoft, 2006). For testing the differences in
concentration of trace elements in the shoots of
different macrophyte species and seasonal differ-
ences in the contents of trace elements in shoots,
Mann-Whitney U test was used.

Results

Average concentrations of elements in water
and sediment are presented in Tab. 1. Their mean
concentrations in sediment decreased according to

sequence Zn > Cr>Ni>Pb > Cu=As. Concentra-
tions of trace elements in water were mainly below
detection values, except for Cu, Pb and Ni, which
were present in small, detectable concentrations.
Plant shoots contained much smaller amounts of
trace elements than sediment (Tab. 1, Figs. 1-2).
Trace elements showed different degrees of ac-
cumulation in different species (Figs. 1-2, Tab. 2).
In terms of annual average, Potamogeton lucens
and Potamogeton crispus contained significantly
more Cu and Zn in their above-ground tissues
than other macrophyte species, but the differences
between species were greater in the accumulation
of other trace elements. Myriophyllum spicatum
appeared to be the strongest accumulator of Pb, As,
Ni and Cr. The accumulation of Cu was highest in
Potamogeton lucens throughout the season. Ni was
also relatively highly accumulated in Potamoge-
ton lucens and Potamogeton nodosus and Pb in
Potamogeton crispus. Pb was only accumulated
to a small extent in Potamogeton nodosus and
Nuphar lutea. Nuphar lutea was also the poorest
accumulator of Ni and Cr.

Table 1: The average concentration of trace elements
in sediment and in water sampled monthly in
May, June, July and September 2006.

Tabela 1: Povpre¢ne koncentracije elementov v sledovih
v sedimentu in vodi, vzoréenih enkrat mese¢no
v mesecih maj, junij, julij in september.

Sediment Water
(mg/kg dw) (ng/L)
n=12 n=12
As 10.6+3.08 <1.0
Cr 39.0+5.21 <5.0
Zn 90.9£12.2 <2.0
Ni 20.6£2.68 2.0£0.1
Pb 16.1+£1.63 <0.5
Cu 12.1£2.79 1.1+0.05

dw — dry weight

The concentrations of trace elements in plant
shoots showed different seasonal variations (Figs.
1-2). Cu and Zn concentrations decreased from
May to September in all species studied, except
in Najas marina, which was present in the lake
only from July to September. In other species Pb,
As, Ni and Cr showed different patterns. The vari-
ations were high, even within plants of the same
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Table 2: Mann-Whitney U test of differences between the average concentrations of trace elements in the above-
ground tissues of macrophytes. Different superscript letters within each column indicate significant
differences at p < 0.05. Shaded cells mark species that contain the significant highest concentration of

the metal.

Tabela 2: Razlike med povprec¢nimi koncentracijami elementov v nadzemnih tkivih makrofitov (Mann-Whitney
U test). Razli¢ne nadpisane ¢rke kazejo na znacilne razlike pri p < 0.05. Sencene celice oznacujejo vrste
makrofitov, ki so vsebovale znacilno najvisje koncentracije elementov v svojih nadzemnih tkivih.
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vrst makrofitov skupaj s standardno deviacijo.
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Figure 2: Average concentrations (mg kg™ dry weight) of
Cr, Cu and Zn in plant’s shoots of macrophyte
species together with standard deviation (SD)
bars. Different letters in each group indicate
significant differences at p<0.05.

Povpreéne koncentracije (mg kg™! suhe teze)
Cr, Cu and Zn v nadzemnih tkivih sedmih
vrst makrofitov skupaj s standardno deviacijo.
Razli¢ne nadpisane ¢rke kazejo na znacilne
razlike pri p < 0.05.

Slika 2:

species. The concentration of Pb decreased from
May to September in the shoots of Myriophyllum
spicatum, Potamogeton pectinatus and Nuphar
lutea, whereas there were no seasonal differences
in the other species. Seasonal differences were
also not observed in the case of As; only in the
shoots of Nuphar lutea its concentration increased
in July. The tissue concentration of Cr increased
in midsummer. An increase in Ni content was
observed at the end of the summer in the shoots of

Potamogeton crispus and Potamogeton nodosus.
In other species the concentrations were stable
throughout the season.

Discussion

Previous results showed that Only the con-
centration of As in sediment from Velenjsko
jezero was above European background values,
while concentrations of Cr, Pb, Zn, Cu and Ni in
sediments were within the ranges typical of Eu-
ropean background values from unpolluted sites
(Mazej and Germ 2009). Total concentrations of
soluble trace elements in water were very small,
probably because a sedimentary process takes
place and the less soluble forms are accumulated
in the suspended or sedimented phase (Duman
et al. 2006). This indicates that the quantity of
trace elements in above-ground parts of plants
is predominantly the result of their translocation
from roots. Uptake by leaves becomes more
important when the metal concentrations in the
surrounding environment are high (Guilizzoni
1991), which was not the case in lake Velenjsko
jezero. Zn and Cu, two essential elements for
plants, were translocated from the sediment to
the shoots to a higher degree than toxic trace
elements (As, Pb, Ni and Cr) (Mazej and Germ
2009). The concentration of Pb was the lowest
of all the trace elements in above-ground tissues
of the species studied (Fig. 1). This is probably
due to its strong binding to the organic matter in
sediment and other components (Adriano 1986)
and its binding to the roots (Sinicrope et al. 1992)
so that it remains at the uptake site.

This investigation as well as previous (Mazej
and Germ 2009) showed that submersed species
Myriophyllum spicatum, with dissected leaves,
was among seven investigated macrophyte spe-
cies the strongest accumulator of toxic trace ele-
ments (Pb, As, Ni, Cr) in its shoots, and Nuphar
lutea the poorest. This excessive metal uptake by
Myriophyllum spicatum, followed closely by Najas
marina and Potamogeton crispus, may be a func-
tion of the growth form of these truly submerged
species, with no floating or emergent components
(Cardwell et al., 2002). Entirely submersed species
have been shown also to accumulate relatively
large amounts of trace elements (e.g. Jackson and
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Kalff 1993, Fritioff and Greger 2003, Fritioff et
al. 2005, Mazej and Germ 2009).

The concentration of trace elements in plants
undergoes substantial changes according to the
season (Guilizzoni 1991). Some publications
have reported the highest metal contents during
autumn and relatively low levels during the spring
(Brekken and Steinnes 2004, Kim and Fergusson
1994), whereas others have indicated the highest
foliar levels during the spring and lowest during
the winter (Martin and Couphtrey 1982, Wilkins
1978). Gommes and Muntau (1981) stated a rule
that concentration in the plant population is high-
est in the cold season, decreasing rapidly during
the period of maximal growth. Only spring and
summer were included in our research and sea-
sonal pattern of all elements studied are similar in
almost all above-ground tissues of plant species.
Concentrations of Zn and Cu decreased from May
to September, while concentrations of non-essential
elements remained at the same level or decreased.
Duman et al. (2007) observed clear concentration
decline of trace elements (Pb, Cr, Cu, Mn, Ni, Zn,
Cd) from the spring to the summer in the shoots of
aquatic macrophytes Phragmites australis (Cav.)
Trin. Ex Steudel and Schoenoplectus lacustris (L.)
Pall. Duman et al. (2006) reported that in shoots
of Potamogeton lucens, Cr, Ni and Cd concen-
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